Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 






GENERAL LIBRARY 



OF 



s 



University of Michigan 



-^ Presented by 

I YjixAy .^.v.C)s....\WaJ^^. 






fl. 






1900 5 



'^ 




1 









VJ^^ 






\ 




t'. 



• 




NUMBER WORK 



AND 



SITGGHSTIONS TO TEACHERS CONCERNING 

LESSONS IN ARITHMETIC 



FOR TH?: USE OF 



INDIAN SCHOOLS. 



I'KKrARKD IJY 
THK SIJPKRINTEXDENT OK INDIAN SCHOOLS. 



• ■♦■ • 



>i 



WASIIIXGTOX: 

i;()Vf:rn.mknt I'KINtim; «iffh'K 

1894, 



\ 




SYLLABUS 



OF 



NUMBER WORK 



AND 



SUGGESTIONS TO TEACHERS CONCERNING 

LESSONS IN ARITHMETIC 



FOR THE USE OF 



INDIAN SCHOOLS. 






PREPARED BY 
THE SUPERINTENDENT OF INDIAN SCHOOI^. 



• ♦ •■ 



WASHINGTON: 

GOVERNMENT PRINTING OFFICE. 

189^. 



» i 



i)A 



. Depabtmbnt of the Interior, 

Bureau of Education, 
Washingtonj D. 0., June 25^ 1894. 

m 

Sir: I have, in accordance with your request, examined the proof 
sheets of a syllabus on arithmetic and another syllabus on language^ 
prepared by the Superintendent of Indian Schools for the teachers- 
under his direction, and I beg to say that I find the same well fitted for 
the purpose in view. 

The Superintendent of Indian Schools has, I think, done well to lay 
some stress on the point that a course of instruction adapted to the* 
children of the Indian tribes should be different from that adapted for 
the use of our native children, who have been brought up to use the 
English language and to practice the manners and customs of English- 
speaking people. I find it well, therefore, that he should direct the* 
attention of the corps of teachers called to this work of instructing 
Indian children to the best order of presenting the elements of arith- 
metic and language studies to the minds of the children that they are 
to have in charge. 

I see that the handbooks before me are adapted with great skill to 
familiarize the teachers in the art of constructing a text-book or plan 
a course of study in arithmetic or in language. There is certainly 
nothing more important in the training of teachers to the work of 
imparting instruction to pupils belonging to a different race, or speak- 
ing a different language, than this practice in taking to pieces a course 
of study or a text-book presentation of the matter they are to teach. 
It must be remembered that there are no text-books specially adapted 
for Indian children. It happens, therefore, that teachers who take up 
this work produce poor results unless they have themselves studied 
the psychological basis on which a good course of study or a good 
text-book is made. 

A syllabus like one of these on arithmetic or language will go far 
to assist the teacher to rise above the bad methods of text-book teach- 
ing which are so common even in elementary schools for our native 
children. It is hoped that the teachers of the Indian schools will not 
be satisfied with the verbal memorizing of the pages of a text-book^ 
but will learn to teach by the topical method and to unfold logically 
each following step from the preceding and build up in the minds of 
the pupils a consistent body of knowledge. 



I understand that it is the intention of the Superintendent of Indiai 
Schools to place this syllabus in the hands of his teachers before hold 
ing a series of institutes. The teachers will have an opportunity U 
prepare themselves in advance with questions for discussion and point 
that require explanation, and they will find these printed outlines t< 
be a perfect means of recalling the course of instruction given at thi 
institutes. I can not commend too highly the conception and executioi 
of this plan to improve the methods of instruction in the Indian schools 
I am, very respectfully, your obedient servant, 

Wm. T. Habbis, 

Commissioner. 

The Seobetaby of the Intebiob. 



PREFACE. 



The following pages constitute neither a text book for the use of 
children nor a manual for the hands of the teacher, they present in an 
orderly fashion a series of exercises in various phases of language 
work to be used by the teacher as occasion may require : A certain 
amount of material and a certain number of devices for lesson work, 
as well as directions to find and invent more of these things. They were 
prepared with a view of gradually freeing teachers and the school from 
the tyranny of the text book, which, wherever it exists, brings to the 
teacher indolence of spirit and to the pupil weariness of soul. Teach- 
ers unfamiliar with vital methods of school work will do well to use 
these suggestions cautiously. It is better that they should still, in a 
large measure, continue text book methods in their work, using these 
suggestions chiefly, at first, in order to secure hints for illustrative 
work, and that they only gradually and as their power grows trust 
themselves to stand alone. 
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ARITHMETIC. 



The following suggestions apply to the average requirements of day 
^schools and reservation boarding schools. The suggestions are arranged 
in three series. The first series comprises the work that may, without 
undue pressure, be expected at present from day schools; the second 
series presents the minimum of reservation boarding-school work; the 
third series applies to the work of non-reservation schools. A fourth 
series for the use of non-reservation schools was prepared, but it is 
abandoned for the present. For subsequent work teachers may follow 
any good text-book. 

The teacher, should here, as elsewhere, use these suggestions intel- 
ligently, adapting them with tact to the conditions of the class, 
limiting or extending as the needs of the children may dictate. Wher- 
ever conditions permit, the work of the *Hhird series'' may be used in 
reservation school work. In all cases the teacher is at liberty to make 
use of additional stlggestions and to select problems from every avail- 
able source. 

Throughottt, the work presented is chiefly oral. The aim is unerring, 

prompt mental automatism in the use of number notions. The work 

may be supplemented with suitable written work, but written work 

should never supersede oral and so-called ^'mental" work. When the 

child knows at sight (or hearing) that twice fourteen are twenty-eight, 

nothing is gained by compelling him to solve this problem in so-called 

^* written'' arithmetic. Written arithmetic is not superior to mental 

arithmetic, but only a helpful expedient to be used when the problem 

IS too complex for " mental" or oral solution, and also for seat work and 

review exercises in the mechanism of the school. 
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FIRST SERIES. 



The suggestions of this first series aore presented under three princi- 
pal heads— counting, analysis, and synthesis. 

To these are added a few suggestions for part-taking, fractions, and 
miscellaneous exercises. Strictly, all arithmetical work comes under 
the head of counting. Here, however, the term is used in a narrower 
sense, applying to exercises in which numbers are arranged method- 
ically in suitable ascending and descending arithmetical series. 

Psychologically, too, the first number notions are gained by analyt- 
ical processes. Practically, however, children come to school with 
many number notions more or less clearly but always unsystemat- 
ically formed. These constitute the apperceptive basis of the work of 
the school; and the first business of the school is to establish this 
foundation, to establish order therein, and to make the child the con- 
scious master thereof. To this consideration is added another equally 
important in the case of Indian children who come to school, in most 
cases, ignorant of the English names of the numbers with which they 
are familiar. 

A. — OOUNTINa EXEECISES. 

1. Within the limits of 1 to 5. (Count ascending and descending 
series) : 
(a) Counting things: 

1 ball, 2 balls, 3 balls, 4 balls, 5 balls; 5 balls, 4 balls, 3 balls, 
2 balls, 1 ball. The same with stones, sticks, buttons, blocks, 
leaves, etc. 

For these exercises a number of perforated half-inch beads of 
the same color may be strung on a shoe string or wire and 
fastened to the desk, as shown in Primary methods, page 46. 
Care should be taken to have the number pictures correspond 
with tlie number names. Thus, for the above exercise, the child 
would require on his string fifteen balls of the same color. 
These he would arrange as follows : ^ O OQ ooo OOOO OOOOO m^ 
and then count them forward and backward. Or he would 
arrange fifteen sticks as follows : | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , and then count. 

Frequent repetition with a variety of things is indicated. 
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(b) Slate and blackboard work: 

In this, simple conceptional pictures take the place of objects. 
Thus, a series of small circles or rings (o ooo ooooo) may 
be counted as 1, 3, 5, etc., balls, apples, cherries, rings, or what- 
ever else may suggest itself to the child. Arrangements need 
not necessarily follow horizontal lines. 

(c) Conventional symbols: 

There is no need of nervousness concerning the use of Arabic 
numerals. The child, however, is much aided in their intelligent 
use by simple translating exercises. Upon the blackboard there 
appears the series o oo ooo oooo. The teacher unos- 

12 3 4 

tentatiously places under these the corresponding Arabic numer- 
als. She does this frequently, pointing indiscriminately to the 
numerals or the circles or lines in counting. Later on she erases 
the circles or lines and requires the children to reproduce them 
under the numerals. 

Again she places on the board in Arabic numerals the series 
5, 3, 1, and requires the children to reproduce it on their slates 
in rings or squares (boxes), etc. Th6 thoughtful teacher will 
have no difficulty in inventing many exercises leading to the 
same end. 
2. Within the limits of 1 to 10: 

Exercises similar to those already suggested are indicated, in 
accordance with the formulas : 

7, 8, 9, 10. 



1, 


2, 


3, 4, 5, 6, 


1, 


3, 


5, 7, 9. 


2, 


4, 


6, 8, 10,(12). 


1, 


4, 


7, 10. 


3, 


6, 


9, (12). 



In these exercises again, counting should be both ascending 
and descending. Objects are gradually discarded, with the 
exception of the string of beads, or sticks; but picture symbol^ 
continue to be freely used. For quite a period, however, all 
number pictures should be based on the number five; six should 
appear as five and one, seven as five and two, ten as two fives. 
For this purpose, the beads should be strung in sets of five — 
five red, five green, five red, five green, etc. Similarly colored 
sticks should be used in sets of five. Picture symbols should, 
for the same reason, appear somewhat as follows : 

12 3 4 5 6 (5+1) 7 (5+2) 8 (5+3) 

o 00 000 0000 ooooo ooooo ooooo ooooo 

O 00 000 



i 1 I 



• 1 1 



13 5 7(5+2\ 9(,5Jr^N 






10 

The favorite uumber pictures of dice are objectionable, because 
they rest upon arbitrary and complicated number combinations* 
thus, four appears as twice two, five as four and one, six as two 
threes, seven as six and one (or two threes and one), eight as 
twice four (or twice three and two), etc. 

On the blackboard the Arabic numeral should always accom- 
pany series of symbols, as in the above instances; and exercises 
in translation, as previously indicated, should be frequent. 

3. Within the limits of 1 to 20 : 

For these series, still counting with objects and picture sym- 
bols, as well as orally from memory and imagination, the following 
formulas suggest themselves, ascending and descending: 

1, 2, 3, 4, etc 20 

1, 3, 5, T, etc 19 (or 21) 

2, 4, 6, 8, etc 20 

1, 4, 7, 10, etc 19 

2, 5, 8, etc 20 

3, 6, 9, etc 18 (or 21) 

1, 5, 9, 13, etc 19 (or 21) 

2, 6, 10, 14, etc 18 (or 22) 

3, 7, 11, 15, etc 19 

4, 8, 12, etc 20 

5, 10, 15 20 

4. Within limits of 1 and 100 (200) : 

In these exercises the school should rely almost wholly upon 
memory and imagination, using objects and pi .ture symbols only 
in extreme cases. The needless use of objects engenders habits 
of mental indolence. In the series the child counts by twos, 
threes, fours, fives, tens, and twenties. 

B.— ANALYSIS. 

1. The object of these exercises is to obtain a clear and exhaustive 
knowledge of the constitution of numbers, in forms or groupings that 
enter readily into subsequent synthetic work. Cumbersome group- 
ings, such as: 4=1+1+1+1, or 4=2+1+1, should be avoided. They 
confuse and obstruct sound mental automatism. 

2. Exercises should be at first oral ; should begin with things (beads 
sticks, blocks, etc.) and conceptional pictures (o, I , a, etc.), gradually 
merging into relatively abstract memory work. 

3. Experience seems to indicate that numbers are most profitably 
presented in the order of the following groups: 

(a) 4, 2, 3, 5. 

(6) 8, 6, 9, 10. 

(c) 12, 7, 11, 16, 15, 14, 18. 

(d) 20, 2bj 30, 40, 50. 
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4. The analytic formalas reached and used by the children shoald 
in dae time be methodically arranged. For this purpose, it is well, 
from ^e very start, to reqalre, first, division into sets of equal num- 
bers: 4 = 3 (2), 4 = 4(1), and let these be followed by formulas 
obtained by successive subtractions: 4 = 1 + 3, 4 = 2 + 2, 4 = 1 + 3. 
For illustration a number of complete, final sets of formulas are 
appended : 

(a) 4=2(2) (6) 5=2(2)+l (c) 10= 2(5) 
4=4(1) 5=5(1) 10= 2(4)+2 

4=3+1 6=4+1 10= 3(3)+ 1 

4=2+2 5=3+2 10= 5(2) 

4=1+3 5=2+3 10=10(1) 

5=1+4 10= 9+1 

With higher numbers the subtraction (relatively addition) formulas 
are best omitted : 

(d) 12= 2(6) {e) 18=2(9) (/) 50= 2(25) 

12= 2(5)+2 18=2(8)+2 50= 5(10) 

12= 3(4) 18=2(7)+4 50=25(2) 

12= 4(3) 18=3(6) 50=50(1) 

12= 6(2) 18=3(5)+3 

12=12(1) 18=4(4)+2 

5. These exercises should be combined tactfully with intellectual 
games. The teacher should be rich in resources to enliven the work, 
to secure promptness, carefiiUy avoiding ruts, verbalism, and dead form- 
alism. Yet, in its larger aspects, the work should be thoroughly sys- 
tematic and methodical. 

6. The exercises should be combined as soon as practicable with 
problems, applying the children's knowledge to concerns of real outer 
life. Among these are : 

(a) Problems of distribution : ^ 

Take m apples (beads) : distribute them equally among n chil- 
dren; how many does each child gett 

John has m pennies ; he distributes them equally among n boys } 
how many, etc. t 

(b) Problems of giving, selling, etc. : 

I give you m blocks; you give n of the blocks to Mary; how 
many, etc.? 
My brother had m horses; he sold n of them; how many, etc.? 
Mr. S. had m dollars; he bought a hat for n dollars, etc. 
We have m x)onies; n ponies ran away, etc. 

7. It is desirable that not the teacher alone but rather more fre- 
quently the children make such problems^ in lively number games. 

8. Exercises in weighing and measuring come largely under this 
head. They involve experimental analysis of ^\v\3L\A^\fc\iTss>s^^^^i5S^^ 
tity by a determined standard. 
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C. — SYNTHESIS. 

This involves processes akin to maltiplication and division. As 
heretofore^ all that is done rests upon oral work and upon ^xperjpients 
with things and conceptional symbols of things, but these should be 
used in such a way as t>o secure a ready, healthy, mental automatism 
in the combination of numbers. '* 

After what has been said under previous heads, the following sug- 
gestions will sufficiently indicate the scope and logical order of exer- 
cises: 

1. Adding a constant number in an arithmetical series as in the 
counting exercises sketched above. 

3. Adding, successively, different numbers : 

(a) 2+1=3; 3+2=5; 5+3= 8; 8+4=12 

(b) 5+3=8; 8+1=9; 9+2=11; 11+5=16 

(c) 4+1=5; 5+2=7; 7+4=11: 11+8=19 

3. Adding groups of numbers : 

(a) l+2(2)=5 (5) 4+2(2)= 8 (o) 3 (2)+ 4=10 

3+2(2)=7 5+2(3)=ll 3(2)+ 7=13 

5+2 (2)=9 6+2 (4)=20 3 (2)+10=16 

4+2(2)=8 7+2(2)=ll 3 (2)+13=19 

• 2+2 (2)=6 8+2 (3)=14 3 (2)+16=22 

4. Multiplying a constant number : 

(a) 1(2)=2 (5) l(:j)=3 (c) 2 (4)= 8 

2 (2)=4 3 (3)= 9 4 (4)=16 

3 (2)=6 5 (3)=15 6 (4)=24 

5. Multiplying by a constant number : 

(a) 2 (1)=2 (b) 3 (1)= 3 (c) 5 (2) =10 
2 (2)=4 3 (3)= 9 5 (4)=20 

2 (3)=6 3 (5)=15 5 (6)=30 

6. Practical applications; the problems to be given by teacher or 
pupils. A few illustrations are appended : 

(a) Problems of gathering and getting: 

Each one of m children gave me n cherries; how many have I? 
I gathered in one place m nuts, in another n nuts, in a third 
place nuts; how many have I? etc. 

(b) Problems of expending and giving : 

The teacher gave to each of w children n pencils; how many? 

etc. 
For m days I expended each day n cents; how manyf etc. 
On the first day I gave away m apples, on the second day n 

apples^ etc. 
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(o) Problems of buying and selliDg: 
m pounds of sugar at n cents? 

pounds of coffee at p cents? 
{d) '' ' Problems of work : 

1 work m hours (days, weeks) at n cents; what are my wages? 
To do a certain work m men were needed; each one received 

n dollars; what did the work cost? etc. 

D. — ^PAET-TAKING, OB EXERCISES IN TAKING OR FINDING PARTS OF 

NUMBERS. 

These, again, are made at first with things and later on more 
abstractly. Three series of exercises are recommended: . 

1. itoi: 

(a) i(4)=2 (b) i(6)=2 (c) i (8)=2 

f (4) =2 (2) or 4 § (6) =2 (2) or 4 J (8) =4 or i (8) 

f (6) =3 (2) or 6 f (8)=6 



2. i to ^V (excluding | and i). The best order is J, J, i, J, iy 

69 



^ iV. 



3. i to ^ (excluding ^, ^, -j^? iV)> ^^ about the following 
order: i, J, J, -^', J, i, .^V* i, iV; i? iV, tVt isVj 
-ini h tV- It will be found that much gain comes from 
exercises in which the pupil recognizes (or discovers) 1=^ of J; 
^=:^ of ^ ; etc. Blocks or sticks afford the most suitable things 
for use in these exercises. Here, too, the work aiming at the 
development of automatism should be accompanied by many 
problems involving practical applications. (I had w, I gave 
i to A and J to B; how many (or what part) had I left? etc.). 

E.— FRACTIONS, OR EXERCISES IN FINDING PARTS OF ONE. 

Here should be used, at first, strips of paper about ten inches long 
by one inch wide. (See *^ Primary Methods," page 121.) 

Only the following series of exercises are admissible at the first 
stage: 

(a) 1=1; 1=A, i=j. 1=1, i=|, i=|, j=|; 

(b) l=f; 1=1, i=f, J=|-, |=f 

(c) l=f; 1=1^, i=i^o, i=A, *=A), f=A, t=A. 

Here, again, practical problems are in order. (A man sold i of his 
£Eurm; what part had he left? etc.) 

At least once each week there should be a period devoted to miscel- 
laneous exercises, reviewing and giving abundant practice. Many 
suggestions will be found in " Primary Method%r 



SECOND SERIES. 



These exercises should not be attempted before the children have 
attained a fall degree of automatic skill in all that the first series 
implies. 

For the sake of convenience, the suggestions are grouped under the 
heads of counting, notations, ox>erations, and applications. This does 
not mean that the school is to take up this work in the order of these 
headings, finishing " counting," then " notation," etc. It merely indi- 
cates limits of work, and logical order of development under each head^ 
and leaves the detailed selection and arrangements of exercises to the 
teacher and to the needs of the hour. 

A. The counting exercises should be used occasionally only; should 
be always oral and recited promptly, " blow upon blow." They may 
precede or alternate with exercises on notation, to which they are 
related. The stress of attention lies upon the ^^ operations" in which 
the child should acquire a high degree of automatic skill before he can 
be permitted to enter upon advanced work* It will be found, however^ 
that the automatic skill thus acquired liberates him in every direction 
for the ordinary requirements of practical life. 

1. 1 to 200: 

(a) 10, 20, 30, 40, etc., to 100; 90, 80, etc., to 10. 

(b) Count by 4's, 8's, 16's, 3's, 6's, 1 2's, 24's, 9's, 1 S^s, 5's, lO's, 20^s, 40's, 
SO's, IS's, 7^8, ll's, ascending and descending. 

(c) Counting tenths and hundredths: .1, .2, .3, etc.; .01, .02, 
•04, .05, .10, .11, etc.; .2, .4, .6, .7, .8, .9, 1.0, 1.1 (ten- 
tenths or one, eleven-tenths or one and one-tenth). (The terms dime 
and cent may be used here freely instead of tenth and hundredth.) 

(d) Counting pints, quarts, and gallons, inches, feet, and yards, 
ounces and pounds, quarts, pecks, bushels, etc. (1 pint, 2 pints, or 
1 quart), 3 pints (or 1 quart and 1 pint), etc. 

2. 1 to 1000: 

In addition to above, count by 50's, lOO's, 2o's, 125's, 30's, 
60's, 90's. Count costs and wages at certain rates to a limited 
extent. 
u 
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1. 



2. 



B.— NOTATION. 

Whole numbers, 1 to 1000 (0000) : 

Construct tables on slate or paper of four columns, the vertical 
line on the right being double. Write in it by dictation ones in 
:first, tens in second, hundreds in third row ; e. g., 5 hnndredSi k 
tens, three ones; 600; 3045; 4006: 





5 


4 


3 


3 


6 






5 
6 






4 



4 



The child may then read and review his work: "In 543 there 
are 5 hundreds, 4 tens, 3 ones (or write),'' etc. 
Decimal fractions, tenths and hundredths : 

Construct tables of two rows, the vertical line on the left 
double. Write by dictation 3 tenths, 4 hundredths, 52 hun- 
dredths, etc. 



3 
a 

5 



4 
2 



The child may then describe his work: "I wrote 
3 tenths in the first row to the right of the double 
line," etc. Let the children dictate freely to the 
teacher, as icell as vice versa. 



3. Mixed numbers : 

Combine the two constructions and dictations. Ask ques- 
tions such as, "What is in the first row (place), left (right) of 
double line!'' etc. "Where do you write tens (tenths)!" etc. 
Gradually substitute decimal point for double line and write 
without lines. Eead and write in U. S. currency freely. 



4. Common fractions: J to 2^0? (omitting 1^3, 



177 



19 



): 



h 
i, 

h 

1. 
16» 



1, 


14, 


2, 


h 


f, 


1, 


h 


1, 


h 


h 


167 


i, 



4, etc. 
2, etc. 
1^, IJ, etc. 



5. 

(a) 



2J, 3, 3J, 

li, 14, If, 

f? f? 8? 

hj etc. 

It will be noticed that these exercises serve the purpose also 
of counting exercises. 
Parallel fractions or equivalent fractions. 
Common fractions: 

t, etc. 
A, etc. 






tj re? 

f^, et)c. 



i=.5, .50-, %=.25-, ^=.1^ 
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6. 



Percentage: 

60 per cent= J or ^^^ ; 25 per cent= J. 

Similarly use 75 per cent, 10 per cent, 20 per cent, 30 per cent^ 
40 per cent, 60 per cent, 70 per cent, 80 per cent, 90 per cent, 5 
per cent, 12J per cent, 6 per cent, but no others. 

C. — OPEBATIONS. 

1. Multiplication : 
(a) Tables: 

1(4)= 4 2(4)= 8 

2(4)= 8 4(4) =16 

3(4)=12 6(4)=24 

4(4)=16 etc., up to 20(4). 
5(4) =20 
etc., up to 20(4). 

Use also the notation " times" 2 x 4=8, etc. ^ Construct similar tables 
with all numbers from 1 to 12, with 15, 20, 25, 30, 40, 50, 60, 70, 80, 
90,100. 



(2) Fraction tables : 




W i(i)=i W ixj=i 


(c) Similarly use J, 


2 (i)=l 2xi=t 


h 1 0") iT> 


3(i)«lJ 3xi=l 




etc., to etc., to 





1. X 1. 

5? 67 8J 



159 



ih 



10 (J) =5 12xJ=4 



(b) Oral solutions: 

(1) With two factors: Three fives are fifteen. — Six tens. — 

Four fifteens (four fives and four teens), — Six times 
twenty-three (six times twenty and six times three). — 
Three times two-thirds. — ^Five times two-thirds. — Four 
times one-and-one-half (four ones and four halves). 
In all solutions let the child "follow the language," four 
times six and four times ten (or teen). This will enable 
the child to solve as he hears. He will learn to hear in 
this case, not 4x6 but 24, not 4 x 10 but 40, and the two 
members readily unite in his mind into 64. On the 
other hand, four times twenty- three will come to his mind 
through '^ following the language," as 80 or 4 x 20, and 12 
or 4x3, which readily coalesce into 92. 

(2) With more factors: Three twos times four; 5(6) x 3; 

7x2 (4); 5(6) X 3 (2); 4(5) x 3 (4); 3(6) x5 (3), etc. 
(Observe that these suggestions are typical, presenting 
successively greater difficulties.) 
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(3) Complex numbers may be resolyed into simpler factors, 
thus : 9 X 24 or 9(24) may be solved as 3 x 3(24) j 
25x18 or 25(18) as 5x5(24) 5 12x23 or 12(23) as 
3x4(23). 
Until full automatism is reached the children should fre- 
quently use counting blocks in these solutions. For 
suggestions, see Primary methods. 

(c) Written solutions: Even for practice written solutions should 
not be used where oral solutions are within the pupiFs reach. Indeed, 
throughout the entire day-school period and At least the first half of 
the reservation-school period they should be handled in such a way as 
to extend the pupil's scope of automatic skill in oral or so-called mental 
work. This applies even to the construction of tables whose chief 
purpose is the organization of automatic skill. The following typical 
suggestions, presenting increasing dif&culties, will sufficiently illustrate 
this principle : , 

(1) 23x2=2(3) +2(20) or 23=2(3) 

2 2(20) 

46 6+40 — 

46 

(2) 25x2=2(5) +2(20) or 25=2(5) 

2 2(20) 

50 10 + 40 — 

50 

(3) 27x2=2(7) +2(20) or 27=2(7) 

2 2(20) 

54 14+40 — 

54 

(4) 28x3=3(8) +3(20) or 28=3(8) 

3 3(20) 

84 24 + 60 — 

84 

(5) 42x3=3(2) +3(40) or 42 

3 



126 



(6) 43x4 or 43 
4 



126 



172 



172 



(7) 47x4 or 47 
4 



24376- 



188 



188 



i 
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(8) 17x12=2(17) +10(17) or 17 

12 

34 

170 



204 



(9) 26x23 or 26 

23 

78 

52 . 



34 
170 

204 

3(6) + 3(20) 
20(6) +20(20) 



598 



78 
52 

598 



Gradually, very gradually, the preparation work here inclosed 
in parentheses maybe abandoned and the cipher (0) in the prod- 
uct of tens dropped. Eemember, however, that relatively, in this 
work of establishing sound mental automatism, time counts for .j 
nothing and intelligent insight for everything. 
(d) Advanced written work : In due time numbers are reached which 
Sbve permanently beyond the average scope of the pupil's automatic 
«kill. To insist in this case upon purely oral or mental work would be 
pedantry and, straining the child bj^yond his power, would weaken and 
discourage him. A fixed mechanism for written work may now be 
established -and abundantly practiced. Even here, however, during 
the entire reservation-school period, factors involving more than three 
digits should be avoided. The following types will illustrate: 



(1) 132x9 132 
or 9 

1 1 88 


52 


(2) 127x13 

381 
127 


(3) 


162 
34 


1,188 


648 
486 




1,651 

(6) 142 
123 

426 
284 
142 


(4) 362 X 


5,508 


724 
1810 






18,824 





17,466 

(e) Fractions: Work in fractions should be freely practiced at an. 
early period, but it should never degenerate into mere mechanical jug- 
glery. It should be kept closely within the child's power of compre-; 
\ hension. 
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(1) \Decimal fractions: In decimal fractions problems should 
notlpass beyond thousandths^ and may without loss be kept 
within hundredths. The following typical problems, throughout 
written work for obvious reasons, will illustrate: 



(1) 


4x.2=.8 
3x.03=.09 


(2) 


4x.03=.12 
5 X. 07 =.35 


(3) 


4x.3 =1.2 
5x.7 =3.5 


W 


6x.l2=.72 
5x.l5=.75 


(5) 


6 X. 24=1.44 
6 X. 43=2.16 


(6) 


4x1.2=4.8 
9x3.01=27.09 


(7) 


6x2.7=13.5 
8x4.24=33.92 


(8) 


2.7x5 




13.5 


(9) 


4.24x8 
33.92 


(10) 


14,36 
4 

57.44 


(11) 


16.45 
23 


(12) 


143.33 
232 



49.35 286.66 

329.0 4,299.9 



378.35 



28,666 



33,252.56 

Multiplying decimal fractions by decimal fractions should be 
reserved for a later period. 

(2) Common fractions: Only the following fractions should 
be used: Jto^V? A-> iV? iV? iV? -^y At? iV> ^j ^V> ^V» 

4trj Boy Toy 6 47 7 07 757 8 07 9 07 T0(J"7 ^W7 ©tC., tO \^oO» 

The multiplier should be an integer. Only in the most favor- 
able cases may it include: J, J, 1, i, i, J, ^, -jV? tV> 

Ttr? ITU' 

The multiplicand should at first be a proper fraction; later on, 
a mixed number: 

(i) 4(i)=| (2) 4xf=liorlJ 

(3) 4x2^=8* (4) 4x3§=12f orl4| 

(5) 25f (6) 32f 

3 8 

75f 262f 



For part-taking : 
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2. Division and part- taking : 
{a) Tables: 

For division : 

(1) 20-^2=10(2) 

[In 20 how many 2's?] 

18-2=9(2) 

16-1-2=8(2) 

i(20) = 10 
[One-half of 20 is 10.] 
i(18) = 9 
J(16) = 8 

Begin in these tables always with the highest numbers, but 
not too high. Assure yourself that the pupils see facts in these 
symbols. For this purpose let them occasionally translate tables 
or portions of tables into picturejsymbols, as in the following 
instance : 

00000 

(1) 15-1.5=3(5) 000 

00000 

(2) 10-1.2=5(2) i(10)=5 

9-^2=4 (2) -t-l i(9) =4J 

8-^2=4(2) J (8) =4 

7-^2=3 (2) +1 i(7) =3J 

(&) Factoring: For suggestions as to the use of blocks (or sticks) ^in 
this, see Primary methods. 

(1) 4=2(2) or 4=2x2 
6=3(2) or 6=3x2 
8=2x2(2) or 8=2x2x2 

10=5(2) or 10=5x2 

12=3x2(2) or 12=3x2x2 

000000 

(2) 12=2(6) 0000 or 12=2x6 


12=2x2(3) ^^^ ^^^ or 12=2x2x3 

00 00 
12=2x3(2) or 12=2x3x2 

00 00 

0.0 
12=3 (4) 0;0 or 12=3 X 4 

0000 

00 00 00 
12=3x2(2) ^,^ ^^ ^^^ or 12=3x2x2 
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(e) Fraction tables: Use the strips (see Primary methods) slowly, 
deliberately. Give at first only problems that can with ease be solved 
experimentally: 



(1) i=i 




(2) i=f 


(3) f = J or 1 


*=* 




l=* 


f=f 


i=i 




f =1 or 1 


i=f or i 


•i=T^ 






f=i 


i=A 








4=1% 








(4) 


i 


of i=i (5) 


i of J=i 




J 


ofi=i 


4 of i=TV 



Problems should be illostrated and may be solved with the 
help of bands drawn on slate, paper, or blackboard by the pupils 
or the teacher; e. g. : 



*ofi 



* of i mi I I 



4of § ^^ 



I 



] 



As children grow in insight and skill this work may be 
extended indefinitely. 

Typical problems for oral work : Keep within the pnpils' depth, 
and let them give problems. Ask them frequently : "How did 
you do this problem!" 



(1) 
(2) 
(3) 
(4) 
(5) 

(6) 

(7) 

(8) 

(9) 
(10) 

(11) 
(12) 

(13) 



204-2=10(2). In twenty how many 2's! 

264-2= ? Ten 2'8 in twenty, and three 2's in 6: 13(2's), 

Ten 2's in 20, two 2'8 and 1 in 5: 12(2's)+l. 

Ten 2's in 20, and 5 (2's) in 10. 

20 (2's) in 40, and 5 (2'a) in 10; or 5 (2'8) in 10, 
in 50 5x5 (2's). 

20(2) in 40, 7(2) in 14. 

20(2) in 40, 8(2)4-1 in 17. 



254-2=? 
304-2=? 
504-2=? 



544^2=? 

574-2=? 

J of 30 ? 

i of 36=i of 30 and J of 6. 

I of 40=4 of 30 and J of 10. 

J of 69=J of 60 and i of 9. 

J of 75=4 of 60 and J of 15. 

§ of 75=4 of 75 is 25; § of 75 are 2(25) or 50. 



(d) Typical problems in written work : 

Short division. — All work that can be readily done in short 
division should always be so done. Long division should nevec 
be substituted for it, but 8\iO\x\d \>^ w^^ otX^ ^\^^^ ^^^-^ ^ss^cv- 
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sion is beyond the pupil's skill. Be deliberate and slow. Secure 
good mental habits. What the children do not master this week 
they will surely master next week. Let children propose prob- 
lems. 

(1) 3)69 (3 in 60—20 times j in 9—3 times). 

23 

(2) 3)94 (3in90— 30 times; in 4—1 J times). 

31J 

(3) 3)75 (3 in 70—20 times and 10 ; in 15—5 times ; or, better^ 

— 3 in 60 — ^20 times: in 15 — 5 times). 

25 

(4) 3)82=60+22 

27J 

(5) 3)345 

115 

(6) 12)156; (or 12x3x4) 3)156 

19 4)52 

13 

(7) 15)96 (15=3x5) '3)96 

5)32 

(8) 16)49 (16=4x4) 4)49 



4)12i 

Long division, — For practice in long division, it is best to use 
chiefly, at first, as divisors, prime numbers which can not be 
reduced to simpler factors for purposes of short division. Long 
division will then appear j5:om the start as a welcome device in 
overcoming new difficulties. It is well, too, to avoid from the 
start as much as possible the cumbersome forms of subtraction. 

(1) 11)561(51 
11 
[11 in 56—5 times; 5 (11) = 55; 55 + 1 = 56; 11 in 11, once.] 
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(2) 13)284{21H 
24 



(3) 23)5403(234fi or 23)5403(234f^ 



46 80 46 

69 113 

92 



80 
69 



113 
92 

21 
3. Addition : 

(a) Practice in "seeing sums,'' in the instantaneous addition of 
numbers written on the blackboard : 

(1) Ginn's tables: 

112 123 1234 

121 32 1 4321 

etc. 

233 444 5555 

(2) Addition of columns: Ohildren should be taught to see 

and announce the sums of two or three figures instanta* 
neously, without wading through "one and one are two 
and one are three," etc. 
They should, therefore, practice first on columns of two 
figures: 

4 6 4 
2 3 9 

And then on columns of three figures: 

2 6 4 
4 15 
2 3 2 

Lastly on columns of indefinite length, in which they call 
off sums of figures by twos or threes. 
(6) Oral work. Follow in the order of numbers to be added their 
order in language : 

(1) 22+ 17=twenty-two and seven (29) and te(e)n (39) 
25+ 17= f 32+ 10J=42 

(2) 23+ 24=[ 23+ 20+4]; 26+38=:[ 26+30+8]= 64 

(3) 143+ 45=[143+ 40+5]; 246+57= [246+50+71=303 

(4) 154+235=[154+200+30+5^ 



24 

Encourage children to announce results without speaking the 
details of the process : 23 24 47. The processes indicated 
between brackets should gradually sink into automatism. 

(5) i+i=[f+i]=S5 i+i=*(§) 

i+*=S; i+i=h i+S=i 

(6) i+J=[f+f]=f; *+i=iV; f+i=H; ii+h=-H 

(7) 14+J=1|; 2J+2i=4-A-5 3i+2t=5f 

(3) i+f=li; i+J=l*5 S+f=lf5 l*+l=2i 

(c) Written work — ^typical problems : 

(1) Let pupils grasp these as 13 + 4, not childishly, as ^^4 + 3 

are 7" and "one is one." 

(2) 13 23 The second problem is most intelligible as 

9 18 30 + 11 (beginning to addow the left). 

22 41 

43 

29 (60 + 12 beginning on the left, or (12 + 60) from 

— the right), 

72 



(3) 

K 


123 
42 


427 
34 


(61 + 400) 
or 


322 
153 


f 


165 


461 


(400 + 61) 


475 


(4) 


162 
54 


244 
156 


295 
49 






216 


300 


344 




(5) 


2342 
2156 


2346 2564 
2147 2157 


2552 
2163 


, 4. Subtraction: 
(a) Tables: 









12 12 12 12 12 12 12 12 12 12 12 
11 10 987654321 

123456789 10 11 

This may be read : 11 from 12 leaves 1 5 10 from 12 leaves 2, etc. ; 
or 12 is 11 and 1 ; 12 is 10 and 2, etc. Both forms imply the same 
mental analysis; the second contains besides the corresponding 
sjmthesia or proof. 
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(b) Oral work : 

Pupils should here also be encouraged to announce results at 
sight, giving detailed accounts of processes only occasionally. 
In the order of processes again the order of language should be 
followed : 

(1) 18— 5=13. (There is hypercritical discussion which 

makes war upon the expression 5 &om 18 
leaves 13. Common sense has no share 
in it.) 

(2) 18-14=(18- 4-10)= 4 [18 less 4 less 10 (or teen)]. 

(3) 25-13=(25- 3-10)=12 [25 less 3 less 10.] 

(4) •29-24=(29-20- 4)= 5 [29 less 20 less 4.] 

(5) 38-25=(38-20- 5)=13 [38 less 20 less 5.] 

(6) 43-26=(43-.20- 6)=17 

(7) 165- 52=(165- 50- 2) =113 

(8) 236- 68=(236-- 60- 8)=168 

(9) 342 -132 =(342 -100 -30 -2) =210. 

Fractional problems should for quite a time be solved experi- 
mentally with the help of strips, squares, and circular papers, etc. : 

(1) *-i; J-i(i-i)5 *-*; *-iV5 i-iV; i-2-V 

(2) i-J, etc., and, similarly, i— iV; i— A ; iV— sV 

(3) i-h i-J; *-i; *-i 

(4) 2J— J; 2J— ^5 2J— IJ. Do not go beyond these limits 

hastily. 

(c) Written work : 

(1) 24 (In order to avoid the worthless mental image so com- 
13 mon in our schools, ^'3 from 4 is one, one from 2 is 
— one," let children subtract from the left at first, "10 
11 from 24, 3 from 14;" or "10 from 20, 3 from 4;" or 

" 20 less 10, 4 less 3.") 

(2) 44 65 78 78 78 94 94 
-23 -32 -41 -36 -48 -52 -74 



(3) 34 (20 from 34, 5 from 14; or 34 less 20, less 5. 
25 

9 

^ (4) 167 (Begin on the left at first, then on the right; secure 
43 skill both ways.) 

124 
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(6) 249 
127 



(7) 144 (Subtract, first, 35 from 44.) 

35 

109 

(8) 167 (70 from 160, and 3 from 7, or vice versa.) 

73 



(9) 156 (7 from 16, and 60 from 140 ; or 16 less 7, 140 less 60.) 
67 



(d) Special treatment of the numbers 12, 24, 60. In this the clock 
dial is of great service. 

For the special treatment of 12 and 24, dial plates may be made by 
the children with circular cards, sticks, and pins. Exercises for addi- 
tion, subtraction, multiplication, division, etc., are easily arranged. I 
omit them here. 

{a) What time is it! 

(1) 1, 2, 3, etc., to 12 o'clock. 

(2) It is 5, 10, 15 (quarter), 20, 25, 30 (half) min- 
utes past n o'clock). 

(3) It is 25, 20, 15 (quarter), 10, 5 minutes of n 
o'clock. (It lacks m minutes of n o'clock.) 

(b) Study of the long hand (60 minutes) : 30 minutes, or ^ 
(half) hour; 15 minutes, or J (quarter); 45 minutes, or f (quar- 
ters); 35 minutes, 5 minutes past half, 10 minutes of three 
quarters. 40, 50, 55, 25, 20, 10, 5 minutes, similarly treated. 
Where is the long hand at J, J; at 5 minutes past J, J, f f etc. 

{c) Study of both hands as in (a), but exhaustively. 

(d) Arithmetical operations within 60 : 

(1) 60 2(30) 3(20) 4(15) 6(10) 12(6) 

(2) J of 60 (i, i, i, ^e, A of 60) 

D. — APPLICATIONS. 

The chief point is that transactions should be thoroughly understood. 
Select, therefore, easy numbers, in order to secure hard thinking. 
Insist on accuracy, neatness, and reasonable dispatch, but discourage 
haste. Extend problems at pleasure, orally and in writing, and let chil- 
dren give problems. Bring in these practical applications at every new 
step. Avoid puzzles. Let all problems be real to the child. Do not 
cram^ and remember that slowness of comprehension is not wickedness. 



27 

1. Use of money: 

(a) How much money have If 

(1) 2 dollars and 3 dimes and 5 pennies . . ^. . . $2. 35 

(2) 1 doUar, 3 half-dollars, 2 dimes 2. 70 

(3) 3 half-dollars, 9 dimes, 6 nickels . 2.70 

(b) Making change: 

(1) Give me 3 dollars in halves and quarters. 

(2) Give me 4 dollars in halves and dimes, etc. 

(3) Whatismy account! (bill)! 

(aa) For meat $1. 35 

For bread 25 



1.60 



(bb) 5 yards calico, at 5 cents 25 

6 yards ribbon, at 10 cents . - .60 
15 yards silk, at $1.00 15. 00 

15.85 



•* 



(o) Paying bills . 

My bill is $3.25 ; please take these $4.00 and give me the 
change. 
{d) Exchanging goods : 

How much calico at 5 cents per yard do I get for 2 
pounds of butter at 20 cents! 
{e) Earnings : 

{aa) learn 25 cents every Saturday; how much in ]a 
month; in a year! 

(bb) A man earns $1.50 a day; how much in 3^days! in 
a week! etc. 
(/) Savings: 

I save 2 pennies every day; how much in a given timet 
etc. 
(g) Spending usefully : 

I bought a pencil for 5 cents, a book for 30 cents, some 
candy for 10 cents, etc.; how much did I spend usefully! 
(h) Profit and loss: 

(aa) Bought 2 horses at $150; sold them at $200; what 
was my gain! 

{bb) Bought butter at 20 cents, sold it at 25 cents, what 
part of the cost did I gain! what per cent did I gain! 

(cc) If I sell goods for half their cost, what part do I 
lose! what per cent do I lose! 
(i) Interest (for one year only) : 

What is the interest on $200.00 at 10 per cent^ 6 ^^ 
cent; 5 per cent! 
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2. Measuring : 

Avoirdupois : Ounces, pounds, tons. Liquid measure : Pints, 
quarts, gallons. Dry measure: Inches, feet, yards, rods, miles. 
Square measure: Square inches, square feet, square yards, acres. 
Cubic measure: Cubic inches, cubic feet, cubic yards. Wood 
measure: -Cords. Time: Seconds, minutes, hours, days, weeks, 
months, years. Counting : Dozens, gross. Paper : Quires, reams, 
bundles. 

(1) How many 2-pound packages of coffee can be made of 3 
cwt. ? How many quart bottles of vinegar can be filled from 6 
gallons? 

(2) How many bushel baskets can be filled with 40 pecks of 
potatoes? If I wasfce 5 minutes every hour of the school time, 
how much in one day? How many hours do we spend in read- 
ing every week? 

(3) At 1 cent a sheet what will 2 quires cost? At 3 miles an 
hour, how long will it take me to walk to — ? At 6 cents a 
quart, what will 2 gallons of vinegar cost? 

3. Accounts, orders, memoranda : 

(a) Osage, I. T., Sept. 24^ 1894. 

Mr. A. B. — Bought of M. M. & Co. 

6 pounds butter, at 20 cents $1. 20 

10 pounds cheese, at 15 cents 1. 50 

6 bars soap, at 5 cents 30 

20 pounds sugar, at 9 cents 1. 80 

5 pounds coffee, at 30 cents 1. 50 

6.30 
(ft) Pipestone, S. D., Nov. 23^ 1894. 

Mr. S. E, F., Pipestone: 

Dear Sib : Please send me by bearer to my address 
as early as possible : 

14 yards of sheeting, 1 yard wide, at . . . 20 cents. 
20 yards of cheese cloth, 1 yard wide, at 5 cents, 
etc. 

(c) Cost of my trip to . 

4. Indications: In oral and written applications use clear indioa- 
tions of processes from the start: 

(a) Typical indications: 5 yards of calico, at 5 cents? Oral: Five 
time8 &ve cents. Written: 5 (5) or 5x5. 
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(6) Paid $4 for a bill of $3.25: Change! Oral: The difference be^ 

tween $4 and $3.25. Written: $4— $3.25. 
(o) 6 yards cost 90 cents! 1 yard! i (90 cents) or Y f ^^ ^• 
{dy 4 yards cost 40 cents ! 9 yards! 1 yard =j (40 cents). 

4(b<9 9 yards=9 x J (40 cents). 

4 

Let all forms of indication be simple, avoid excessive analysis, 
and encourage direct conclusions. Avoid pedantry, and follow 
common sense. Accuracy first, dispatch next. 

Make the work real to the pupils. 

Keep your mind open to new suggestions from every quarter. 
Get problems for practice from every available source, especially 
from the children. 



THIRD SERIES 



l.\Betidmg and writing numbers inyolving millionB and bUIions in 
integers, and millioiitlis iu decitoal fractious. At first numbers m^ 
be arranged in tables as follows: 



w 


^ 


B 


6 3 


4 


e 7 


4 


2 


(*) 


I 
61 4 


> 
3 


9 


4 


2 


f 






5 



5 


6 
« 


6 



4 
3 


? 



3 





3 

4 


4 
6 


2 


6 




i 








6 







1 













6 









f 








3 


6 


S 



1 
3 


4 


6 

7 


a 

2 


2 

5 










i 












4 6 


3 














X 
613 


4 


2 


r 


3, 


i 


5 


4 


6 


7 9 


S 


1 


4 


6 


3 


4 


2 





2 






1 


i 


6 


4 


3 








2 


< 
9 


4 


7 














—\ 






• 





















6 


4 



Be careful to use and only for the decimal point. Tlie crosses sepa- 
rate periods. Subsequently numbers are written without the use of 
tables, and lastly, without the commas that indicate the periods or 
gronps of digits. , 
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2. Beading and writing of common fractions and mixed numbers. 



The integers need never exceed 1000, nor the denominators 



lOOOth' 



Aim 



always to write and present fractions in the lowest terms (not ^-, ^, 

^,butA, h .1). 
Devices. — (a) Graphic representations of numbers. Thus, 11, 26, 

45, may be represented thus: 



11 or 10+1 



I I 
I I 



26 or 2 (10) +6(1) 






34=3 (10) +4 (1) 



(6) Dictating in one value and notating in others. Thus: 



jyUitaiiona. 

64 tens, 143 hundreds 
56 tenths, 255 hundredths 
25 hundredths, 8 tenths 
.75, 2.4 

I, 5| 

(o) Tables of parallel values, thus : 



Notations. 
640 14,300 



5.6 



4 

4 



.375 



2.55 

i 

5.8 



(1) .2=i 

.6=1 

.8=^ 



(4) -zo 
10% 

15% 
20% 



,05 


^ 


.10 


tV 


.15 


A 


.20 


i 


.25 


4 



(2) .25=J 

.50=J 

.75=f 

1.00=1 

1.25=1J 

(5) 



(3) h 






.125 

.25 

.375 

.50 

.625 



A i 

"12 3 



2 



A * 



.08J 

.16§ 

.25 

.33J 

.41§ 

.50 



25 % 



50 ^ 



(d) Write a long row of digits across the board and cover up suc- 
cessively different portions of it, thus : 

64329800762300562, etc. 

(e). Write a long series (12) digits on the board, and vary the posi- 
tion of the decimal point. 
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(/) Write a small number on the board and dictate, 4, 6, 3 times 
the number 5 J, §, f, etc., of it 5 25%, 50%, 75%, of it, etc. 

3. Notation of denominate numbers: 

Federal money (English money), avoirdupois weight (troy weight, 
apothecaries' weight), long measure (surveyors' measure), square meas- 
ure (land measure), solid measure, cord measure, dry measure, liquid 
measure, time (circular and time measure), dozen, gross, great gross, 
paper measure. (Eeserve all in parentheses for advanced work.) 

Extensive exercises in reading and writing denominate numbers are 
indispensable. 

(a) Write yourself (or have one of the pupils copy) on the board 
lists of amounts, and let the class read. 

(b) Dictate a number of amounts in certain tables or miscellane- 
ously. 

(c) Write on the board lists of amounts for immediate reduction to 
higher or lower denominations, thus : 



{aa) 



m 



On hoard, 

60 dimes. 
54 dimes. 
320 cents. 

^ dollars. 
16J dimes. 

6J dollars. 

IJ eagles. 

On board. 

2i T. 
3| 



T. 

T. 
6.7 T. 
3. 45 T. 



H 



On hoard, 
(cc) 40 cwt. 
40 qr. 
150 lbs. 
166 cwt. 
120 qr. 
2, 500 lbs. 

On hoard, 

(dd) I mi. 

I sq. mi. 
3^ cds. 
25 bu. 
4f hrs. 
11^ dollars. 



Pupils write. 


$6. 00 


5.40 


3.20 


4.50 


1.65 


6.75 


15.00 


Pupils lorite. 


2 t. 10 cwt. 


3 1. 15 cwt. 


6 1. 16 cwt. 


5 1. 14 cwt. 


3 t. 8 cwt. 2 qr. 


Pupils write. 


2t. 


10 cwt. 


1 cwt. 2 qr. 


8 t. 5 cwt. 


1 1. 10 cwt. 


1 t. 5 cwt. 


Pupils write. 


6 fur. 


400 A. 


3 ch. 4 cd. ft. 


2 bu. 3 pk. 4 qt. 


4 hrs. 45 min. 


$11,125 (11.12J) 
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{d) Dictate similar lists of amounts, letting pupils answer in writing 
or orally. 

(e) Let pupils give problems of this character to each other simply^ 
or to class, or to you. 

(/) Invent games, matches, etc. 

B.— PAOTOBINO. 

Always begin with the lowest factor, and continue in order. Use 
blocks, sticks, or other things if need be. 

1. Finding a certain number of factors (2 to 4) : 



(a) 6=2x3 








12=2x6 or 3x4 








16=3x5 








18=2x9 or 3x6 








24=2x12 or 3x8 


or 4 


X6 




(6) 12=2x2x3 




24=2x3; 


X4 


18=2x3x3 




27=3x3: 


X3 


(c) 24=2x2x2x3 




36=2x2x3x3 


32=2x2x2x4 




48=2x2: 


X3x4 


2. Finding prime factors : 








(a) 4=2x2 


(b) 


10=2x5 




6=2x3 




15=3x5 




8=2x2x2 




20=2x2x5 




9=3x3 




25=5x6 




10=2x5 




30=2x3x5 




12=2x2x3 




35=5x7 




(0) 18=2x3x3 


(d) 


Prime factors 


1 in 1 to 


24=2x2x2x3 




2 3 5 


7 11 


36=2x2x3x3 




13 17 19 


23 29 


48=2x2x2x2x3 


# 






60=2x2x3x5 








Vary exercises. Invent new ones. 




{e) i=Jxi 


(/) 


2x2=4 




i=ixi 




2x3=6 




j=jxixi 




2x6=10 




A=ixi 




2x7=14 




A=4xixJ 




2 X 11=22 




(?) ixj=i 


(A) 


2x2=4 




jxi=i 


( 


2x2x2=8 




ixi=A 


2x; 


2x2x2=16 




ixi=A 2 


x2x 


2x2x2=32 




ix^-^ 








24376 S 
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(i) 2x2=4 
3x3=9 
6x5=26 
7x7=49 



{j) 3x2x2=12 
3x3x3=27 
6x5x5=126 
7x7x7=343 



Select easy work. No juggling. Keep within the pupil's 
power. 
Finding all common factors (G. C. D.) : 



(a) 4=2x2) 2 
6=2x3) 

10=2x6 
(6) 6=2x3 
12=2x2x3 
24=2x2x2x3 



{c) 8=2x2x2 

48=2x2x2x2x3 
24=2x2x2x3 
64=2x2x2x2x2x2 
16=2x2x2x2 



2x3 (=6) 

4. Finding all the factors (L. 0. M.) 

(a) 4=2x2 ^ 
6=2x3 
10=2x6 
12=2x2x3 



2x2x2 (=8) 



. 2x2x3x6 (=60) 



Avoid complications — ^lead to simple methods. 



(b) 4=>| 

10= }• 2x2x3x5=60 
12= J 

(Each factor occurs as often 
as it is underlined.) 



(d) lg•^ 

48 
60 

72 

i» 

36 



(c) 4>j 

* ^2x6x2x3=60 

i 

12j 

(4 and 6 are canceled because 
they occur in 12.) 



y 2x2x2x2x3x6x3=720 



J 



{€) ^, 1&, ^, 4d, 36, #, 60, 18 
2x2x3x3x6=180 

In this solution the pupil first eliminates 5 because con- 
fined in 15, 15 because contained in 60, etc., and then finds 
factors of 36 and 60. 
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6. Factoring in multiplication and division : 

Use judgment; find shortest ways; avoid red tape. 
(A) In multiplication : 

(a) 26x123 (b) 72x2043 

6 8 



615 
5 



3075 

(c) 360x416 

6 



2496 
60 



149760 



{e) 486x90634 

9 



815706 
9 



7341354 
6 



16344 
9 



147096 



{d) 363x4523 

3 



13569 
11 



149259 
11 

1641849 



44048124 

Do not in sach problems exceed the pupil's power. Do not be 
afraid of experiment nor of fioilure. Try, try again. 

{B) In division : 



{a) 15)645 

5)645 



3)129 
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9x3 



(0) 27)3699 

9)3699 

3)411 

137 



5x5 

(b) 5)775-1.25=31 
5)155 
31 



01 (d) 3)3699-s-27=137 
3)1233 
3\4L1 
^1 
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3x4x11 4x9 

(/) 4)6376-s-36=17 
9)1594 

- 177i 



(«) 


132)5676 




3)5676 




4)1892 




11)473 
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6x9 


is) 


54)6049 




6)6049 




9)1008i 




112iV 


(0) In fractional work : 


(«■) 


675x1=450 




3)1350 



5 



9)47250 

2)5250 

2625 



4x6 
{h) 4)6033^24=262 
6)1508i 



252A 



(6) iV of 6044 
450 4)6044 

4)1511 



377i 



5(ixi) (d) 106XA- 

(0) J^ of 9450 4 



9)424 

3)47i 



IW 



Be slow and oircamspect. Lose time and gain power. 
(D) In canceling : 

3 
3 3 3x42 
(1) -X 42=9 or =9 

6 
6 1 *xl^Xl 
(2) dx— X-=6 or =6 
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4 3 2 
(3) -x45x-x6=144 
^ 3 




* ^ «^ 7 
(4) -x-X — x4a= — 

* * 31 2 
4 * 

2 


3 

(5) fof6Jxf=* 

4 


13=4^ 
* 



In all "practical problems" lay stress on indications. Whenever it 
becomes necessary to resolve a complex problem into several simpler 
problems, let the pupils make indications for each of the simpler prob- 
lems and subsequently write all these simpler indications into one for 
the complex problem, thus: 

A man bought 60 barrels of flour at $6.00 per barrel. He sold the 
lot at $6.50 per barrel. How much did he gain? 

Cost, 60 X $6.00 = $360.00; selling price, 60 x $6.50 = $390; gain, 
$390-$360=$30.00: (60 x $6.00)- (60 x $6.50) =$30. Or gain on 1 
barrel, $6.50-$6.00=$0.50; gain on lot (60 x $0.50) =$30.00. Or 
60 ($6.50-$6.00)=$30.00. 

0.— BUSINESS PROBLEMS. 

[See preceding note.] 

Insist on care and accuracy, neatness and conscientiousness. Hold 
children responsible for "shortest ways" and clear indications. Be 
satisfied only with the best the child can do, and encourage all honest 
efforts. Avoid all improbable problems and all arithmetical puzzles. 
Secure power and common sense. 

1. Bills and accounts : Grocery, meat market, dry goods, hardware, 
clothing store, farniture, digging, building, carpeting, paper-hanging, 
etc Let accounts be made out neatly and accurately, and, in accord- 
ance with current custom, use abbreviations (Bo't, ^^ Eec'd pay't, etc.) 
. Sell goods and work at actual practical rates (not a horse for $5.00 
and a chicken for $150.00). Don't carpet rooms of impossible dimen- 
sions, such as 16-1^ X 19f feet, etc., taking all problems from real life 
and never from the land of the wicked fairies that make it their study 
to worry children and to rob them of their inheritance. 

All this work is for life, not for the school; for use and growth, not 
for ornament and percentages. Ko impossible business transactions 
should be considered. 
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Teach the children to make out : 

(1) Simple bills of sales to one customer at one purchase. 

(2) Simple accounts of sales to one customer for a week or a month. 

(3) Similar accounts involving two or three cash payments. 

(4) Wages account of one workman. 

(5) Wages account of several workmen engaged on the same job. 

(6) Bills of sale with ^, J, J, or J off. 

(7) Memoranda of work done and material furnished in carpeting, 
paper hanging, building, farm work, etc. 

2. Profit and loss: Make statements of problems short and concise; 
not long stories, but thus : 

Bo't 40 doz. eggs ^ 12c., sold ^ 16c.; gaint 

[Bates of gain and loss : 10% {-h\ 20% (i), 25% (J), 5% (A), 50% (J), 
100%, 12^% (J), 33^% (i) ; not many others, if it can be avoided. Find 
only selling price and gain or loss, not rate and cost.] 
• 3. Interest: Find interest on moderate sums, involving only jK>««tfrte 
amountSy at 3%, 4%, 5%, 6%, 7%, 8%, 10% for one or for several years, 
and possibly for months, but not for days. (Do not find principal, rate, 
or time.) 

Compute annual interest for moderate and simple investments. 

4. Insurance, commission, brokerage, etc. 

Compute premiums, etc., for simplest transactions. 

All these problems may be solved by "analysis.'' 

(1) Profit and loss: 

(a) Sold 60 yds. calico, with IJc. profit on each yd. 
" ljc.x60=90c. 

{b) Bo't 50 cds. of wood ^ $5.00; sold it ® $6.75; gaint 

25 

^^^^=$37.50 

2 

(c) Paid for 50 gross of eggs, $70.00; sold them at $.15 'per 
doz.; gain? Gain = selling price — cost. 

6 

^0"XlSxl5 

=$90 (selling price). 90— 70=$20 (gain). 

XTTTT 

or ($.15xl2x50)-$70=$90-$70=$20. 



i 



(2) Interest: 

{a) $000 ^ 6% for 1 year. Interest? 

600X.06 600x6 

or =$36.00 or 



$36.00 100 10^ C =$36 



600 
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(b) $400 ® 8% for 3 years. 

$4Wx8x3 



=$96 



lAfl 

or $400 X .08 X 3 =$96.00 

(c) $360 ^ 7% for 3 toonths? 

176 
^6^X.07x^ 



43 
2 

(d) $480 ^ .06 for 1 J years. 

24 3 
480x4x3 



5 



D.— sABITHMBTIOAL OPEBATIONS. 

I. Multiplication : 

(1) Oral work: Solve rapidly — 

3x124= (360+ 12)= 372 

6x 34=(180+ 24)= 204 

12xl08=(1080+216)=1296 

Attend to rapid and convenient analysis of multiplication into suitable 
parts or factors : 24x65 is 4x6 (66); 4x390=1560, or 20x66+4x65= 
1300+260= 

(2) Written work (typical problems) : 



(a) 643 X 


325 


(b) 643x321 
1286 
1929 


(c) 


643x121 
1286 


3216 
1286 


201 


3215 


1929 


206403 

{e) 643x103 
1929 


80375 


208975 

(d) 643 X 
12860 





129243 66229 
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In all these cases the multiplier may be written under and to 
the right of the multiplicand. However, this will cause the loss 
of the expedients indicated in the examples, by no means a 
43erious loss. 

643 643 

325 321 



n. Division and part-taking (mental drill, as in second circle, with 
moderate expansion of number limits) : 

In written work use short division whenever it is available by factor- 
ing the divisor or otherwise. Use long division only when unavoidable, 
and accustom the children to do away with subtraction even in long 
division; avoid all haste and nervous hurry; be deliberate. 

Typical solutions : 

(a) 8x8 (b) 4x4x8 



64 8)50643 128 8)60324 



8)4331 4)7540J 



541§ 4)1860J 



465:^ 



(c) 31x4 

124 4)60348 

31)16087(48611 (The pupil says: 4x31=124; 

124 268 24+26=60; platee the 26 un" 

248 207 der the 60; take down the 

186 21 8, etc.^ 

(d) 23)48632(2114iJ 
46.26 

23,. 33 
23... 102 
92.... 10 

Drill the children carefully and intelligently and accept new 
devices when offered. 

III. Involution: 

(1) Areas of squares, half squares, quarter squares; volumes of 
eubeSf both within the limits of comprehension (1-20, 26, 30, 40, etc., 
*^ 100). 
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In this work it will be found profitable to prepare^tables. Oard- 
board work is helpfol. (A cubic foot should be constructed from smaller 
cubes; a cubic yard from 27 cubic feet.) 

lY. Addition: 

(1) Special practice in the addition of columns is indispensable. 
In these the children should be trained^ (a) to announce at sight the 
sum of two figures, {b) the sum of three figures: 

(a) 6 or 6)^^ (ft) 4 or 4 



4 

8P" 8 



i\ 



i40 

33 I 

1» 6) 

3),, 3] 



3i^ 3 

\ 

6 P" 6 ) oo 7 5> 22 



2)^^ 2} 



5j33 6(-- 2V34 



9( 9,29 



38 



46 46 



41 41 



The child speaks the figures on the right indicating successive 
sums. 

It is not expected that each child will reach perfection in all 
of these, but that he will steadily progress in skill. 
(2) Practice in adding at sight numbers of two or three digits. In 
these exercises the child adds from left to right, following the language : 

64 86 93 124 124 124 124 
76 34 49 233 236 293 387 



V. Subtraction: 

(1) Drill in subtraction from left or right: 

(a) 645 (600 less 200, 40 less 30, 5 less 4; or 200 and 400 

—234 are 600; 30+10, 4+1, etc.; lastly, 6 less 4, 

— 4-3, 6-2.) 
411 

(ft) 245 (24 less 6, 5 (c) 1004 (100-89 4-2, etc.) 

—63 less 3, etc.) —892 

182 112 

{d) 216 (16-7, 20-9) (e) 345 (15-7,33-16) 
-97 -167 

119 178 

(/) 663409 (9-6, 40-31, 63-47) 
-47316 



616093 



42 

Secure flexibility, prompt discernment of relations. Let the 
slow child plod through slow ways, but help the quick child to 
And quick ways. Bemember that, on the whole, subtraction 
offers great difficulties to the child. 

E. — OPEBATIONS IN FBACTIONS. 

1. Multiplication is usually equivalent to part-taking or canceling. 
(a) ix 634=3)643: 



214i 

(ft) 1+741=4)741 



185J 
3 



655J 
(c) iof|=A (iofi=A) 
{d) foft=ii (4 of J; off; f of |) 

(e) |x|=f (*off=f; S=2(f)=4) 

(/) |X|=S (ioff=f5 f=for§) 

3 

(») fx48=ixJ^=¥=3| 

8 

(j) |x5ix8=ix<^x8=->^=33f 

2. DiTision : 

(a) 2^i=8{i) [1=4 (i) 2=8 (i)] 

W i-^i=2(i) [l=(i) J=2(i)] 

(c) 3J-ri=U(i) [3=12 (i) J=2(i)] 

(i) J-^2=J [2=f i^|=4] 
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Comparison of above problems : 



(a) 2^i=2xA=8 
(c) 3i^i=Jxt=14 



(5) i^2=ixi=J 



3 



These will indicate the formal law: Invert the divisor, etc.: 
ig) 5+^A=4xib=V=9f 
(*) 4Jx3J^iJ=fx^X«=W=16T*r 



3. Addition: 






(c) * 



If 



e 
a 

6 
3 



¥ 



(d) 1| 

2j 



i<Hi 



19 

8 
9 
6 



H=1H 



(e) 7V^ 
9f 



23iJ 



80 

6 
1ft 
15 



fi— Ito 



(/) 



I 



t«0 



8 

9 

15 



2 2 2 3 3 6 



4. Subtraction : 

(a) 2 
-i 



(ft) 4 
2i 



(c) J 

4 



(<^) 5| 
-2i 



3| 



8 

7 

4 

f 



(«) 



2* 



6 

4 
3 



{/) 2i 



.1» 



(i^) 



-li 



i=i 



25 



8 

e 

7 



In all this work keep witMn limits. Take care not to saori- 
fice power to mechanical skiU. Kot more than two lessons a 
week should be devoted to drill in operations. 






:: 



